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ABSTRACT
Learning of a simple lever-pressing response is acceler­
ated through the reinforcing power of a light-change response 
contingency. Investigators have generally attributed its 
basic reinforcing value to the stimulus change per se. How­
ever, the consistently superior reinforcing effect of light 
onset as compared with light offset suggests the influence 
of something more than change alone.
Recently reported studies indicate that albino rats 
will show a stable preference for a range of illumination 
levels intermediate between the extremes of illumination.
The fact that rats often prefer nonzero illumination sug­
gests the possibility that dim-light onset may be more re­
inforcing than dim-light offset because the environment is 
changed to a more preferred ambient condition.
The present experiment was designed to test a number 
of hypotheses which predict that learning, as measured by 
response frequency and response duration, would improve by 
substituting a more preferred illumination level for one 
less preferred at the terminus of change, irrespective of 
physical direction of the change.
Tests of the hypotheses were carried out using two
viii
groups of six rats whose assignment to a group was based on 
their like maximal preference for a "low" (.07 ft-c) or a 
"high" (1.2 ft-c) level of illumination, respectively. 
Preference was determined in a situation which permitted 
rats free access to eight differently illuminated chambers. 
The length of time S. spent in a chamber was taken as an 
indication of the preference value of the ambient illumina­
tion. The "high" and "low" intensities served alternately 
as initial and terminal intensities in illumination-change 
>bar-press contingencies for equal numbers of trials for 
either group. Frequency and time scores recorded during 
these trials provided the basic data for evaluation of the 
hypotheses.
The results showed that terminating a response-contin­
gent change at an illumination level of a preference value 
higher than the initial level did not significantly improve 
the rate of bar pressing in the rat, though a tendency was 
shown toward improvement, irrespective of physical direction 
of change. However, response duration measured during the 
same tests indicated that movement of a change from a less 
to a more preferred level of illumination, irrespective of 
physical direction of change, significantly increased the 
duration of the response.
The conclusion drawn from these results is that re- ' 
sponse frequency and response duration are independently
ix
effected by preference value of the initial and terminal 
level of response-contingent illumination changes. There­
fore, response frequency may have some association with 
direction of change in that the reinforcing value of in­
creasing changes appears to be higher than decreasing changes. 
On the other hand, response duration is more closely associ­
ated with the preference value of the terminal stimulus.
x
INTRODUCTION
In the early 1950's, two independent investigations re­
sulted in the interesting claim that the rate at which a 
rat will press a lever can be elevated if this activity is 
closely followed by a momentary increase in illumination 
(Girdner, 1953; Henderson, 1953). Systematic incremental 
changes in response rates on each successive day of respond­
ing (e.g., JHurwitz, 1956; Levin and Forgays, 1959) and the 
characteristic extinction curve resulting when illumination 
changes are withdrawn (e.g., Kish, 1955b; Hurwitz, 1956; 
Barnes and Baron, 1961a) argue against explaining these be­
havioral events as simple sensory feedback effects. The 
reinforcing potential of incremental changes in illumination 
is now well-documented.
The phenomenon is apparently not associated solely with 
illumination changes. Similar behavioral changes are ob­
tained, though less effectively, when auditory stimulation 
(Girdner, 1953; Barnes and Kish, 1961) or mild shock (Camp­
bell and Teghtsoonian, 1958; Harrington and Lindner, 1962) 
are substituted. Success with mice (Kish and Barnes, 1961) 
and monkeys (Moon and Lodahl, 1956; Isaac, 1962) suggests 
the phenomenon occurs in diurnal as well as other nocturnal 
species.
The idea that an illumination increment is rewarding 
did not come as a complete surprise. Skinner (1951) had 
already alerted the psychological world to the possibility 
that any change in stimulation is potentially reinforcing. 
Nevertheless, presentation of supporting evidence was up­
setting for a number of reasons. For one thing, as Dember 
(1960) pointed out, most learning theorists had a strong, 
almost singular, commitment to the primary drives and the 
commodities associated with the reduction of these drives 
in the organism. For another, the extensive work of Keller 
(1941) clearly established the reward value of light removal 
for the albino rat. In view of this apparent tendency for 
rats to favor darkness, reward in the form of increased il­
lumination defied logic. Moreover, popular theory (e.g., 
Miller and Dollard, 1941) made a strong plea for the asso­
ciation of reinforcement (drive-reduction) with diminishing 
stimulation.
The basic idea presented in this paper is that the or­
ganism responds to the environment in such a way as to pro­
duce more favorable ambient conditions. It follows that 
any response which improves those conditions will likely be 
repeated; i.e., learned. The idea was suggested in a paper 
by Hebb (1955) in which he suggested that stimulation in 
the environment is often lower than is most preferable to 
the organism and that increasing stimulation is satisfying.
Light increase is therefore reinforcing because this brings 
about a movement toward the optimal range. Whatever the 
validity of Hebb's position, albino rats choose illumination 
levels which are substantially above darkness when given a 
choice (Dember and Millbrook, 1956) regardless of their 
light-maintenance history (Lockard, 1963). It seems reason­
able, therefore, to state a general hypothesis that an or­
ganism will respond optimally for a stimulus change that 
terminates in an environmental condition which is maximally 
preferred.
The activity hypothesis
One of the earliest reactions to the problem was skepti­
cism regarding the reinforcing value of light increase. In­
itial attempts were made to explain away the measured 
increments by a simple "activity" hypothesis. Kling, Horo­
witz, and Delhagen (1956) suggested that rats subjected to 
periodic increases in illumination would become more active 
mainly because of the more stimulating environment. Rats 
would be expected to depress a lever more often as a direct 
function of increased activity. One would then get the er­
roneous impression the response was being strengthened by 
the response-light contingency.
The activity hypothesis was tested by dividing a number 
of rats into two groups. A member of the first group
experienced illumination increases each time its partner in 
the second group pressed the bar in an adjoining chamber.
The hypothesis would predict no difference in response rates 
since stimulation was identical for either group. In this 
study the null hypothesis was rejected and the conclusion 
drawn that a response-light contingency is necessary for 
incremental changes to effectively increase the rate at 
which organisms will press a lever.
Still, the possibility remained that the simple move­
ment of the bar itself was the real reinforcing agent.
Barnes and Kish (1958) put the notion to a test by permitting 
mice free access to two movable bars. Experimental animals 
could produce light onset by depressing one lever but not 
the other. Control animals could never produce light. Re­
sults clearly showed improvement in response rate occurred 
only when light followed the lever-pressing activity.
Secondary reinforcement as an explanation
It has long been known that a neutral stimulus can ac­
quire motivational status and become reinforcing in its own 
right by being associated with a primary reinforcer. This 
is the principle of secondary reinforcement and it had from 
the very start been thought to hold the explanation for the 
unexpected reinforcing power of illumination increases.
Thus, one may suppose the reward value of visual stimulation
develops through habitual feeding in light.
In one of the original studies, Henderson (1953) pair­
ed food with light in one group of rats. This deliberate 
association failed to bring improvement in the measured re­
inforcing power of illumination increase. Later on, Roberts, 
Collier, and Marx (1958) found that increases in illumination 
were equally reinforcing for rats fed in darkness and rats 
fed in brightly lighted cages.
In a more elaborate test, Henderson (1957) first ob­
tained the operant level of bar pressing by rats when light, 
but not food, followed each response. The subject was then 
given a number of food-reinforced trials in a straight alley 
with the same intensity of light as had previously followed 
the depression of the lever. Subsequent test periods would 
find added potency for the light-on reinforcement if second­
ary reinforcement were involved. But the response rate was 
not increased through the special food-light association. 
Apparently, the principle of secondary reinforcement is not 
a necessary aspect of the light reinforcement phenomenon.
The exploratory drive
Some investigators have found it profitable to assume 
the existence of an "exploratory" drive (e.g., Montgomery, 
1954). The drive to explore is purported to be established 
under conditions which provide too low a level of stimulus 
variability. When environmental homogeneity prevails,
presentation of a new, or "novel," stimulus is presumed to 
reduce the drive and reinforce the activity associated with 
its reduction. It seems reasonable that the concept should 
be called upon to explain the power of response-contingent 
light-on reinforcement. If relatively invariant cage con­
ditions create this drive state, light changes would be 
rewarding to an animal occupying the cage and this could 
conceivably account for the response increase.
Within this frame of thinking, Premack, Collier, and 
Roberts (1957) reasoned that the perception of anything 
novel would be reinforcing to the extent that the environ­
ment has been kept constant. Rats therefore were expected 
to increase their responsivity to light onset as a function 
of the length of time they were confined in the dark. The 
experimental test results obtained with groups of rats, each 
of which spent a different length of time in darkened cages, 
supported the novelty hypothesis. The longer subjects were 
confined in the darkened pretest environment the greater 
was their rate of responding.
Roberts, Marx, and Collier (1958) subjected the novelty 
hypothesis to further tests. It was their thought that if 
the novelty aspect of the previously mentioned experiment 
provided the reward animals confined in darkness would be 
more responsive to light onset than animals maintained in 
lighted cages. The former group would have the novel
opportunity to experience an environment visually. However, 
the results showed a greater response rate was obtained from 
the light-reared group, though not significantly greater.
The novelty hypothesis consequently was not strongly support­
ed by these data. The investigators concluded that the re­
sults might be subsumed under a more appropriate and 
parsimonious interpretation. They favored an "illumination- 
change" hypothesis: the introduction of any change into a
relatively constant environment is reinforcing to an organism 
The notion of an exploratory drive itself has met with 
considerable opposition. An evaluation by Brown (1961) is 
perhaps typical of the criticism. The drive to explore,
Crown claims, is but a label frequently applied when an ani­
mal does something for which no obvious reward is provided.
In these circumstances the drive is sometimes inferred from 
the observed behavior and at the same time used to explain 
what is observed. The circularity makes doubtful the worth 
of such a drive as a scientific explanation. The status of 
the stimulus novelty hypothesis may also.be left in doubt 
because of its close tie with the drive to explore.
The sensory drive and optimal stimulation
The "sensory" drive is criticized by Leuba (1963) for 
a similar circularity. Isaac (1962) earlier had maintained 
that an optimal "sensory" drive level may exist for any
organism and a deviation from the optimum is ". . . reflect­
ed in the quantity . . .  of sensory stimulation sought by 
the organism" (p. 175). From a series of three experiments 
designed to test this formulation, Isaac concluded that 
monkeys perform as if there were such an optimal sensory 
drive state. By manipulating pretest conditions, animals 
subsequently pulled the appropriate rope to increase light 
or sound if there were previously a "deficit;" they in­
creased light or sound if there were a "surplus." Leuba 
(1963) took exception to Isaac's introduction of an inter­
vening drive state in his formulation. In an earlier paper, 
Leuba (1955) presented the notion that organisms attempt to 
maintain at all times an "optimal" level of total stimula­
tion. Unlike Isaac, Leuba did not resort to the postulation 
of an intervening drive to explain his position that increased 
sensory stimulation can be rewarding.
Harrington (1963) put Leuba's optimal stimulation 
hypothesis to a test by recording the rate of response in 
the dark for bright- and dim-light onset. Rate of response 
was found to be inversely proportional to the luminance 
intensity of the response contingency. Rats kept in the 
dark for a period of time pressed a bar faster when 
dim-light onset followed the lever press than when a brighter 
light was introduced. In addition, the longer rats remained 
in the dark the faster they responded for either level of
illumination. The data were interpreted as support for the 
optimal stimulation hypothesis and also contradicted a 
study published the previous year by Wilson (1962) who found 
that rats responded optimally for increases of 3 mL of lumi­
nance independent of the length of time of deprivation and 
initial test-chamber conditions.
Stimulus complexity and novelty
Barnes and Kish (1961) experimented with the effects 
of varying the complexity of the stimulus object as one 
possible fundamental aspect of stimulus novelty. Complexity 
was varied systematically by using increasingly complex line 
drawings and geometric figures which appeared above a mouse 
each time a lever was depressed. The more elements (lines, 
angles, and intersections) appearing in the stimulus object 
the greater its complexity was assumed to be. Complexity 
was found to effect response rate directly and positively. 
However, when these line drawings were presented in random 
order for periods of one minute each during a 15-minute con­
ditioning period, there was measurable loss of reinforcing 
effectiveness which was initially demonstrated for the single 
drawings when these were presented uninterrupted over the 
full 15 minutes. The multiple-pattern test condition was 
considered to be a more complex stimulus condition; yet, 
rate of responding decreased. The investigators suggested
10
that complexity of the stimulus object may be something 
apart from its value as a novel object.
Stimulus complexity as one of the relevant variables 
for light-on reinforcement has not been tested beyond the 
one experiment of Barnes and Kish. However, complexity as 
it applies to auditory tones has been tested for its rein­
forcement value. Baron and Kish (1962) presented tones of 
varying complexity to groups of rats and found pure tones 
to be least aversive. Response level for increasingly com-
H
plex tones decreased directly as additional tones were added 
to the original pure tone. While evidence in another modal­
ity is not directly contradictory to that of Barnes and 
Kish, it suggests that complexity as a relevant variable 
may apply to visual changes only. However, the limitation 
may yet go further. Morris, Crowder, and Crowder (1961) 
found flashing lights of varying on-off periods to be no 
more reinforcing than a steady light. In view of Leuba1s 
(1955) optimal range of stimulation, he may speculate that 
some of the more complex stimuli presented as reinforcement 
exceeded the upper limits of the optimal range.
The stimulus change hypothesis
As the various hypotheses fail to gain convincing sup­
port, the more parsimonious notion of illumination change 
gains status as the underlying condition of response- 
contingent reinforcement. Kish (1955b) was first to suggest
11
that "perceptible environmental change" held the fundamental 
reinforcing power. Independently, Marx, Henderson, and 
Roberts (1955) wrote of the intrinsic reinforcing value of 
"stimulus change" consequent to a response. Campbell and 
Teghtsoonian (1958) concluded that illumination increases, 
in the absence of any specific learned responses, are rein­
forcing conditions primarily because they are stimuli. In 
view of the experiments reported in the literature in which 
noise onset (Barnes and Kish, 1961; Baron and Kish, 1962) 
and mild shock (Harrington and Lindler, 1962) have been suc­
cessfully substituted for light, the stimulus change notion 
appears to have value in explaining sensory reinforcement in 
general.
The stimulus change hypothesis is strongly supported 
particularly when change is characterized by stimulus onset. 
There is an apparent contradiction in the literature, however, 
with respect to the effect of response-contingent offsets. 
Hurwitz (1956), and Barnes and Kish (1957a, 1958), failed to 
find a significant reinforcing effect with offset, while 
only Roberts, Marx, and Collier (1958) reported an increase 
in response rate when either dim light-onset was made con­
tingent upon bar pressing.
The light-cessation contingency provides a logical test 
of the stimulus change interpretation of the rewarding ef­
fect of light and other stimuli associated with the various
12
sense modalities. If stimulus change is the rewarding as­
pect of light-onset, light-offset as a stimulus change 
should also be reinforcing. Robinson (1959) tested this 
hypothesis directly and found it wanting. Light termina­
tion proved to be neutral in its effect on the lever pressing 
rate.
Environmental-scanninq hypothesis
Robinson then offered his "environmental-scanning" 
hypothesis as a supplement to the Marx-Kish stimulus change 
concept. Presumably, light-onset is intrinsically rein­
forcing because it is first of all, a perceptible change, 
and secondly, it affords the organism an opportunity to 
obtain further reinforcement by looking around the test 
chanber. The light cessation, on the other hand, neutra­
lizes the positive effects of stimulus change because of 
the negative consequences of removing the opportunity for 
scanning.
In a later study, Robinson (1961) tested this "scan­
ning" hypothesis. According to the hypothesis, light 
increment and decrement, as compared with onset and termi­
nation, should attenuate any influence an environmental- 
scanning factor may have in the light-change test situation. 
Light increase should be less reinforcing when a nonzero 
base level is used since opportunity for scanning the test
13
environment is no longer contingent upon response; light 
decrease should be more reinforcing when a nonzero lower 
level is used since such a contingency avoids the negative 
consequence of removing the opportunity for scanning.
As predicted, the data showed decrement to be reinforc­
ing whereas termination is not; increment was reinforcing, 
but less so than onset of light in the dark environment. 
Robinson's accounting of the light change data was then 
covered in two assumptions. The first is that simple stim­
ulus change is rewarding. Secondly, the extent of the 
opportunity for scanning the environment determines the 
reward value of the change. However, while Robinson collect­
ed and reported data on the duration of the response he did 
not incorporate these in his accounting. Response duration 
means measured 1.6 and 1.5 seconds for incremental and decre- 
mental changes, respectively, after Ss had established a 
baseline response duration level for pressing a dummy bar 
1.3 and 1.2 seconds. The increased opportunity for scanning 
apparently had no greater effect on duration of response 
than a decreased opportunity.
Moon and Lodahl (1956) reported even greater attenua­
tion of response rate differences between increment and 
decrement. By reinforcing monkeys with increasing or de­
creasing light changes limited by two arbitrarily chosen 
intermediate intensities, these experimenters found no
14
significant differences when quantity of change was equal 
but differing in direction only. However, because they 
failed to first establish reward effects beyond the operant 
lever-press response with no change, the value of the data 
is open to question.
A study by Leaton, Symmes, and Barry (1963) has 
interesting implications for the validity of the "scanning" 
hypothesis. They studied the effect of response-contingent 
dim-light onset in groups of rats which were permitted vary­
ing lengths of time to become familiar with an illuminated 
test environment. If scanning were an important variable, 
it would seem reasonable to assume that animals least fa­
miliar with the test chamber would press the bar more often 
in order to have the chance to do more scanning. The re­
sults did not support the notion. Rather, familiarization 
with the test environment increased the reinforcing effects 
of light onset.
The problem of determining the variables responsible 
to achieve response frequency symmetry is currently far from 
solved. Generally, experimenters have found increasing 
changes to be superior reinforcers. But changes from dark 
to light are not the only conditions that are reliably re­
inforcing. Keller (1941), Hefferline (1950), Hanson (1951), 
and Flynn and Jerome (1952) are in agreement that light ex­
tinction is highly rewarding, contrary to the conclusions
15
of Robinson (1959, 1961).
Quite obvious is the fact that at least some of the 
differences in methodology and choice of illumination in­
tensities contribute to the contradictory conclusions. By 
and large, it would seem that the removal of light is least 
reinforcing when it is initially low. This was in fact the 
conclusion drawn by Keller (1941) who found that response 
rate varied directly as the intensity of the light removed.
A number of investigations have focused on certain 
other aspects of the change in an effort to determine their 
relevance to its reinforcing value. Henderson (1953) found 
that onset of different levels of illumination resulted in 
different response rates. When rats responded in darkness 
for light-on changes, they responded maximally at one of 
the intermediate intensities presented. Intensities above 
and below that level of intensity were less reinforcing to 
the extent of the deviation.
The importance of the terminal intensity vs. amount of 
change
Levin and Forgays (1959) varied terminal intensity of 
light onset for rats of two different age groups. The 70 
day old group responded maximally for the intermediate in­
tensity; rats 110 days old responded maximally for the 
highest intensity presented. Barnes, Kish, and Wood (1959) 
found mice also responded maximally for an intermediate
16
intensity.
Up to this point, it appears that for a particular ani­
mal, depending upon age and species, there may exist a 
terminal intensity which is more reinforcing than others. 
However, the experiments presenting these suggestive data 
have not made clear whether these effects resulted from the 
intensity of the terminal stimulus or the extent of change, 
since all subjects began their response in the dark.
Two studies may be cited that have attempted to sepa­
rate these two variables. Wilson (1962) tested the rein­
forcement value of a number of different quantities of 
change. He concluded that there exists a quantity of change 
which is optimally reinforcing for an organism. The quantity 
of change itself is more important than either the initial or 
terminal intensity. Thompson's (1955) data do not agree. He 
attempted to separate the two effects by using four separate 
intensities as both initial and terminal levels in the il­
lumination change. The results were not conclusive but there 
was a tendency for the terminal intensity to be of greater 
importance in establishing the reward value than either the 
initial intensity or the extent of change. What it is about 
the terminal intensity that contributes to this power is not 
discussed, but it appears to have little to do with its du­
ration. Crowder and Crowder (1961) varied the duration of 
the terminal intensity and found that a light change lasting
17
1/3 second was no less reinforcing than one lasting 9 sec­
onds .
The concept of "optimum" as applied to reinforcing value
Berlyne (1960) concurs with an increasing number of 
experimenters who conclude that the principal reward of a 
stimulus change lies chiefly in the change itself rather 
than in the environmental event resulting from the change. 
Yet, change per se.has not proven to hold all the reinforce­
ment potential. Its most consistent deficiency is its 
inability to account for the unequal reinforcement value of 
equal^quantities of change differing in direction only. At 
the upper end of the intensity continuum, a decrease seems 
to be consistently superior in its reinforcement value. At 
the lower end, the opposite is usually true. An adequate 
accounting of the reinforcement value of stimulus change 
would explain this shift in efficacy.
Recognizing this shortcoming in a simple "change" hy­
pothesis, Berlyne offers a supplementary hypothesis to ac­
count for the asymmetry. He proposes that reward value of 
any change depends, in part, on how nearly the stimulation 
that is introduced by the change approximates an optimum 
intermediate intensity (p. 148).
Exactly how one is to determine what level of stimula­
tion will prove optimally stimulating for an organism in a 
subsequent stimulus change situation, Berlyne does not say.
18
Neither do other theorists who have attempted to popularize 
the concept of “optimum." Hebb (1954) writes that animals 
"will always act so as to produce an optimal level of exci­
tation and the level is often higher than the present one"
(p. 552) . Leuba (1955) also claims organisms acquire those 
responses which tend to produce an optimal level of stimu­
lation.
Preference value of various levels of illumination
Although these theorists may not be prepared to explain 
how limits of the "optimum" may be predicted in advance of 
an empirical operation, a discussion by Irwin (1961) has 
suggested an association between a preference for a level of 
stimulation by the organism and the reward value of that level 
when introduced into the environment. Influenced by Irwin, 
Lockard (1961) began a series of experiments in which albino 
rats regulated their own exposure to light. He reasoned that 
if permitted to regulate photic stimulation a rat may demon­
strate a preference for one particular level over all others. 
Accordingly, a daily record was kept on the light-regulating 
activity of three rats. The resulting data showed one of 
the subjects tending toward a darkness preference while the 
two others indicated a preference for one of the intermediate 
intensities among the 16 offered. Lockard's hypothesis that 
there exists a preference function across luminance such 
that dim lights are preferred over either bright ones or
19
darkness thus received positive support.
In a later study, Lockard (1963) again found that rats 
prefer dim light to darkness. Furthermore, the preference 
is stable. This was demonstrated when rats were removed at 
weaning and reared in one of seven different light- 
maintenance conditions. They were subsequently tested for 
the influence each condition had on a preference function 
for different intensities in the usual self-regulating in­
strumentation. This consisted of two bars which provided 
for on- and off-control of various test-chamber light levels. 
Differently reared rats differed in their preference, and 
these differences persisted over several trials.
Preference curves indicate that, collectively, rats 
do not prefer darkness regardless of maintenance conditions. 
Rather, they typically show a preference for one of the 
intermediate intensities located somewhere around the lower 
end of the continuum. Maximally preferred levels of il­
lumination were only slightly, but systematically, influenced 
by the maintenance conditions.
Clearly, a preference for a limited range of intensities 
existed even before experimental manipulations. In a labora­
tory investigation by the writer, briefly reported in Appen­
dix A, albino rats were found to vary among themselves in 
their preference for light. This resulted without any 
special pretest preparation. Similar to the findings of
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Lockard (1963) the response remained stable over time (see 
Appendix B). While the modal preference was darkness, the 
majority of the rats showed maximal preference for one of 
the several intermediate intensities provided.
Since reinforcement value is typically greater for dim 
light-on than dim light-off, and since animals more often 
show a preference for some low level of light intensity 
rather than for zero, it is but a step to speculate on the 
possibility that the difference in response rates for oppos­
ing light changes is due to the difference in the preference 
value of the terminal intensities.
Typically, frequency increment is the response measure 
of interest in stimulus change studies since it most clearly 
reflects reinforcement value. Since the terminal level of 
stimulation is assumed here to be an important variable, du­
ration of the response is also regarded as an appropriate 
dimension to investigate. Only once before has this aspect 
of the response been measured (Robinson, 1961). The few data 
available in Robinson's report suggest that increments in re­
sponse duration over trials for increasing and decreasing 
changes in illumination are approximately equal. Duration 
changes being uncorrelated with frequency changes, it appears 
that the two aspects of the response are independent and de­
serving of individual attention.
21
The hypotheses
The present study is designed to test the following 
hypotheses involving rates and duration of response. (1)
The reinforcing potential of a response-contingent illumina­
tion change terminating at a level of higher preferred 
luminance value (with respect to its initial level) is great­
er than if the terminal level is less preferred. (2) Illumi­
nation changes of equal absolute magnitude are equally 
reinforcing if their terminal levels are equally preferred, 
irrespective of the physical direction of the change. (3)
The preference value of the terminal level of an illumination 
change will influence positively the duration of a contingent 
response— the higher the preference value the longer the re­
sponse will be maintained. (4) Illumination changes termi­
nating in luminance values of equal preference will produce 
response durations of equal length.^
Approach to the test
Tests of the hypotheses were carried out in an experi­
ment using albino rats whose assignment to one of two 
experimental groups was made on the basis of their maximal 
preference for the same level of illumination (see Appendix 
A and B). Those choosing to remain longest in a freely
^Preference value is determined by the length of time 
a subject chooses to remain in an illuminated compartment 
according to the procedure reported in Appendix B.
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accessible compartment of low luminance value, considered 
to be an indication of maximal preference, constituted one 
group. Those remaining longest in a compartment of higher 
luminance value were assigned to the second group. The 
stimulus changes for which the animals pressed a lever were 
characterized by two limiting intensities identical to the 
preferred values of the respective groups. These inten­
sities served alternately as initial and terminal inten­
sities for an equal number of trials for either group. The 
appropriate comparisons of frequency and duration between 
experimental conditions in which initial and terminal 
intensities are alternately higher and lower in preference 
value were thus made possible.
Significance of the study
The significance of this study is, of course, theoreti­
cal. However, it is hoped that the methodological innova­
tions will suggest a new approach to the problems of stimulus 
change that will permit one to generalize about reinforcement 
properties of stimulus changes affecting other sense modali­
ties .
METHOD
Subjects
Subjects were 18 naive female albino rats of the 
Sprague-Dawley strain. The 18 Ss were assigned to 1 of 3 
groups of 6 Ss each on the basis of preferred ambient il­
lumination as detailed in Appendix B. Accordingly, the 6 
Ss assigned to Group L had shown a relatively stable maxi­
mal preference for the lower luminance value of .07 ft-c 
(level L) and the 6 Ss assigned to Group H had shown a 
similar preference for the higher luminance value of 1.2 
ft-c (level H). The 6 Ss assigned to Group M were drawn 
from a pool of Ss which had indicated a preference for 
luminance values of ei.ther .15 or .40 ft-c/ intermediate 
between levels L and H. Groups L and H were experimental 
groups and Group M served as a control.
All Ss were approximately 190 days old at the start of 
the experiment which spanned a period of 28 days.
Apparatus
Two identical sets of apparatus were constructed of 
3/8" thick wood and painted a flat medium gray. Details of 
the design are shown in Figure 1.
The test chamber, shown at the bottom of the drawing,
23
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is a Skinner-type box measuring 7" x 8" x 8" high. A 3/8" 
wire cloth top allows access and permits light and air to 
pass through. On one wall is a T-shaped aluminum level 1" 
wide and 2" long protruding 1-1/4" into the chamber at a 
distance of 1-3/4" above the cloth floor. A vertical force 
of 25 grams applied to the lever through a 1/2" downward 
arc causes contact in an electrical control circuit outside 
the chamber. This circuit is diagrammed in Figure 2.
Directly above the test chamber is an enclosure con­
taining the source of illumination, 6 incandescent lamps, 
and 3 white paper filters. Combinations of lamps and 
filters allow for control of illumination level in the test 
chamber below. For example, when the source of illumination 
is section "L" the luminance value measured 2" above the cen­
ter of the wire floor is .07 ft-c (level L). Section "H" 
provides 1.2 ft-c (level H); section "M" provides .25 ft-c 
(level M ) . Depending upon the setting of manual switches 
SW-5 to SW-10, pressing of the T-lever by S. changes the il­
lumination in the test chamber from one luminance value to 
another. Temperature increase from room to chamber registers 
less than 2°F.
A typical sequence of events is as follows: With main
switch (SW-1) and control switches SW-5 and SW-9 "on," the 
illumination in the test chamber is set at level L. A 
momentary depression of the T-lever closes contacts SW-3.
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This actuates relay "R" which closes normally-open (n.o.) 
contacts and R£ and opens normally-closed (n.c.) contact 
R^. Illumination immediately changes from level L to level 
H (change L/H). Also, the digital counter advances 1 digit, 
motor "M" is actuated and motor cam switch (SW-2) is held 
closed for 5 seconds. The time is registered on the cumu­
lative recording clock "TH."
Illumination remains at level H until SW-2 is opened 
momentarily by the cam. Illumination returns to level L 
and the override on the cam resets SW-2 to the closed po­
sition. The circuit is then set for another sequence.
Change in illumination is contingent upon the depression of 
the T-lever but a 5-second delay following onset makes re­
lease of the lever uncorrelated with change.
Depression and release of the T-lever during the 5- 
second time span does not record on the counter. However, if 
the lever remains depressed beyond the 5-second limit the 
accumulative time clock continues operation. Two measures 
are thus obtained: (1) number of lever presses which are
correlated with illumination change, and (2) total length 
of time the test box is illuminated by the terminal level 
of the illumination change.
Procedure
The Ss were maintained in individual cages on an ad_ lib
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diet of Purina rat chow with water continuously available. 
Luminance values at the front of the cage doors measured 
between .18 ft-c and .52 ft-c, intermediate between the test 
luminance values. Cages were moved around frequently so 
that maintenance luminance values varied for each S. during 
the course of the experiment. Differences in maintenance 
light conditions were thus distributed.
Pretraininq. The 2 test chambers were set at illumina­
tion level M. For pretraining, depression of the T-lever 
shifted the source of illumination from one side of the upper 
compartment to the other for 5 seconds. Thus, the counter 
relays and motor were actuated with their characteristic 
noise but the level of illumination remained constant.
Each S. was removed from its home cage and placed in 
the test chamber of the apparatus. The lid was shut and the 
recording begun. One 15-minute trial each day was completed 
by each S.. At the end of each one of these trials the num­
ber of responses were recorded and S. was removed and return­
ed to its home cage.
Trials were alternated between boxes to reduce box 
effects. After 6 trials in each box (total of 12 trials) 
the pretraining phase was terminated. Normally, pretraining 
is discontinued in similar arrangements after 6 to 9 trials 
of 15-minute durations or 12-18 trials of 5 to 10 minutes.
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Responding in trials 7 to 12 were judged to be approximately 
the same for all 3 groups. Consequently, pretraining was 
terminated after 12 trials. Operant responding for lever 
press with no stimulus consequence was calculated.
Conditioning. Group M continued during this phase of 
the experiment under the same conditions existing in pre­
training. Its lever-press operant rate thus serves as a 
continuous control throughout the test phase as well as pre­
training.
Daily 15-minute trials continued for the next 16 days 
for Group L and H. Lever depression was now followed by a 
change in illumination in the test chamber. A change from 
level L to level H (L/H) was alternated with the opposite 
change (H/L) in abba experimental ordering. Trials were 
also alternated between boxes. Thus, box and sequence dif­
ferences were distributed. Each group was run under con­
ditions L/H and H/L a total of 8 trials each.
Total number of responses was recorded for each S_ for 
each trial. In addition, the total number of seconds in 
which the terminal level of change was maintained during 
the 15-minute trial was recorded.
RESULTS
Frequency scores
Rates of operant lever-pressing with no stimulus conse­
quence between experimental Group L and controls and experi­
mental Group H and controls are compared graphically in 
Figures 3 and 4, respectively. It may be noted the curves 
of these operant response rates (frequency/minute of trial 
time by trial) for all groups show increase to be fairly 
rapid until approximately pretraining Trial 6 after which 
the curves appear to flatten. An analysis of variance 
indicated no significant differences among the mean rates 
of the 3 groups for the pretest period (F = 2.07, d/f =
2/15).
In view of the lack of significant differences in pre­
training response rates the continued lever-press operant 
rate calculated for control Group M was assumed to reflect 
the base response level of the experimental groups minus 
experimental treatment. Accordingly, the introduction of 
response-contingent illumination changes was seen to be 
associated with increased rates of responding in both ex­
perimental groups for both change conditions. These data 
are recorded in Table 1-C in Appendix C and summarized in 
the "frequency" columns of Table 1. Mean response rate
30
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(MRR) entered in the table is the frequency of response per 
minute of trial time and was computed by summing all re­
sponses for an experimental group of 6 Ss for the eight 
15-minute test trial sessions for the indicated change and 
dividing by 120, the total number of minutes the change 
condition was in effect for the group. All 16 trials of the 
control Group M were run under an identical no-change condi­
tion. The total number of responses was therefore divided 
by 240. The standard deviation of the mean rates was com­
puted from the dispersion of the 6 individual means of the 
8 test trials about the grand mean entered in the table. 
Responding by the experimental Groups H and L was found to 
occur at a greater rate than the baseline response rate, 
established by Group M, following the introduction of il­
lumination changes. According to appropriate t_ tests, all 
4 of these rates were significantly higher (t^ k. 2.228, 
d/f = 10, p{ .05) . These differences may be seen graphi­
cally in Figures 3 and 4.
The results of the analyses of the differences between 
the various combinations of MRRs (see Table 1), appropriate 
for the evaluation of Hypotheses (1) and (2), are entered 
in Table 2 under "Frequency." Inspection of Table 2 will 
show that four experimental conditions exist which may be 
represented in a four-fold contingency table as shown in 
Table 3. Four separate change conditions are found along
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with the group and experimental treatment condition under 
which the data were collected. A change may be an incre­
mental change (I) moving away from (A) or toward (T), the 
preferred luminance value (PLV) of the indicated group, or 
the change may be one of decrement (D) moving away or toward 
the PLV of the group.
Comparisons between vertically adjacent cells (see 
Table 3) permit an evaluation of the effects the orienta­
tion variable (A or T) has on response rates when direction 
is made a constant (intergroup comparisons). Diagonally 
opposing cells permit comparisons in which both orientation 
and direction vary (intragroup comparisons). Four analyses 
are thus appropriate for the evaluation of hypothesis (1), 
the composite results of which are shown in Table 2, Lines 
1-4 (under "Frequency").
The intragroup difference between MRRs for "increasing- 
toward" (I-T) and "decreasing-away" (D-A) changes calculated 
for Group H reached significance (t, = 3.041, d/f = 5, 
p^ .05; see Line 2, Table 2). Intragroup differences repre­
sent differences in correlated means; hence, the degrees of 
freedom are 5. When the direction-orientation combination 
changes to I-A and D-T, as they do for Group L, the intra­
group difference between MRRs fails to even approach sig­
nificance (t. = .208, d/f = 5; see Line 1, Table 2). Though 
the larger mean in both lines 1 and 2 was associated with a
36
terminal level of higher preference value, only one mean 
was significantly larger. Trial-to-trial response patterns 
may be observed in Figures 3 and 4.
When orientation varies while direction is an increas­
ing constant, as in the comparison between H-L/H and L-L/H 
(see Line 3, Table 2), or direction is a decreasing con­
stant, as in the comparison between L-H/L and H-H/L (see 
Line 4, Table 2), the larger means were again associated 
with the more preferred terminal level of illumination. 
Neither difference was significant, however. These com­
parisons are shown graphically in Figures 5a and 5b.
Comparisons between horizontally adjacent change con­
ditions shown in Table 3 are appropriate to the evaluation 
of hypothesis (2), the composite results of which are shown 
in Table 2, Lines 5 and 6 (under "Frequency"). Note that 
in either case the preference value of the terminal stimu­
lus is similarly high or low. Table 2-B in Appendix B 
contains a summary of the extent of similarity as determined 
in an empirical operation. The details on the statistical 
procedure and methodology of establishing extent of simi­
larity are contained in Appendix B. These comparisons may 
be made visually in Figures 6a and 6b.
The difference between the MRRs in each of the compari­
sons failed to reach significance. However, when the first 
2 training trials are dropped from the analysis, and only
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the final 6 trials included, the difference between MRRs 
for response contingencies of equally high preference value 
reaches a significant level (t, = 2.332, d/f - 10, p<.05; 
see Line 6, Table 2). Observation of Figure 6b reveals that 
the MRR differences at Trial 8 probably would continue 
several more trials and establish a difference at an even 
greater confidence level. For an equally low preference 
value, the significance of the MRR difference remains far 
below a minimum acceptable level of confidence (see Line 5, 
Table 2). Figure 6a shows that additional trials would 
probably leave this difference unchanged in that the trial 
means appear to be converging.
Time scores
The second measurement of concern is the amount of 
time in seconds that groups maintained the terminal level 
of either change condition during the 15-minute trial 
periods. These data are contained in Table 2-C, Appendix C, 
and summarized in Table 1 under "Duration." Mean response 
duration (MRD) was computed by summing the 8 individual 
trial times for every S_ within a group and dividing by 720 
(6 Ss, 15 minutes/trial, 8 trials). Standard deviations 
are for the dispersion of the 6 individual MRDs about the 
MRD for the group. Similar data for the control group were 
not obtained; therefore, no baseline response can be de­
termined.
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The combinations of conditions and groups appropriate 
for the evaluation of Hypothesis (1) are appropriate also 
for the evaluation of Hypothesis (3). Again, the vertically 
adjacent experimental condition-group combinations and those 
diagonally opposed, as shown in Tahle 3, are compared. Note 
that in every set of comparisons the orientations oppose one 
another. The corresponding means are found in Table 1. The 
results of the analyses are found in Table 2, Line 1-4 (under 
"Duration"). In all 4 comparisons one finds significant dif­
ferences between MRDs (t_> 2.228, d/f = 5, 10, p^.05). In 
each case th§ larger mean is associated with a terminal level 
of illumination of higher PLV with respect to initial level. 
The graphs of these data are shown in Figures 7a, 7b, 8a, and 
8b. Differences between MRDs appear to increase with succes­
sive trials. The divergence is greater in the final 4 trials 
as compared with the initial 4 trials.
The horizontally adjacent experimental condition-group 
combinations in Table 3 enter into analyses for the evalua­
tion of Hypothesis (4), the composite results of which are 
shown in Table 2, Lines 5 and 6. In each case the terminal 
level is equally preferred, either at a low or high level of 
preference value. Table 1 contains the means and standard 
deviations, and the analyses of the appropriate comparisons 
are found in Table 2 under "Duration." Neither of the dif­
ferences between MRDs was significant. In fact, as may be
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observed in Figures 9a and 9b, the response patterns show 
remarkable similarity when orientation is held constant and 
direction varied. When the response-contingency is of low 
preference value, the pattern of responding appears flat­
tened (see Figure 9a). When the response contingency is 
highly preferred, the response pattern indicates a continued 
increase in MRD (see Figure 9b).
The effect on MRR of direction of illumination change, 
apart from orientation effects, may be evaluated from both 
intragroup and intergroup differences in MRRs. In every 
set of conditions in which a comparison can be made (L-L/H 
vs. L-H/L; H-L/H v s . H-H/L; L-L/H v s . H-H/L; L-H/L v s .
H-L/H? see Table 2, Lines 1-4), the higher of the two means 
is always associated with increasing change (L/H). In two 
of these four conditions the differences are significant: 
H-L/H v s . H-H/L and L-H/L v s . H-L/H (last 6 trials). Refer 
to Figures 4 and 6b for a graphic comparison of these dif­
ferences .
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DISCUSSION
The results of the critical tests for the evaluation 
of the notion that terminating a response-contingent illumi­
nation change at a higher luminance preference value en­
hances its reinforcement value in a conditioning situation 
offer little support for the hypothesis. Some of the 
smallest MRR differences, though they are differences tend­
ing toward a positive direction, occur when directionality 
was held constant and orientation varied. Only once was an 
orientation difference involved in a set of conditions re­
sulting in a significant difference and that also involved 
a difference in the directional variable. When the orienta­
tion difference was eliminated, a significant difference was 
found. It is unlikely, therefore, that the significant 
effect was due to the difference in preference value of the 
terminal stimulus. What supporting evidence accrues can be 
considered suggestive only.
The powerful effect the directional variable continued 
to have on the reinforcement value of illumination changes 
terminating in stimulus levels of similar preference value 
make very doubtful the validity of Hypothesis 2. While 
changes of opposing directions appear to be almost complete- „ 
ly attenuated when the terminal stimuli are of similar
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low-level preference value (L-L/H v s . H-H/L), the set of 
conditions compared in which they were of similar high- 
level preference value (L-H/L v s . H-L/H) resulted in a 
clear difference. As a result the hypothesis is rejected 
at a high level of confidence.
These results strongly support the findings of Robin­
son (1961) who first departed from the almost standard pro­
cedure of comparing the efficacy of onset and offset of 
illumination as the stimulus changes introduced as rein­
forcing response contingencies. The neutrality of offset 
of sensory stimulation in various modalities had almost 
universal support (e.g., Barnes and Kish, 1957a? Hurwitz, 
1956; Robinson, 1959); only one study reported otherwise 
(Roberts, Marx, and Collier, 1958). Only onset of a 
stimulus was found to possess the capacity to reinforce a 
contingent response. Robinson's (1961) use of increment and 
decrement of stimulus intensity attenuated the marked differ­
ence between onset and offset and also showed that both con­
ditions significantly elevate the response rate over that 
obtained for response with no stimulus consequence. The 
data in the present study concur.
However, the interpretation Robinson (1961) placed on 
his data is made questionable by the present data. He 
claimed the attenuation of differences in the reinforcing 
effect was due to the relatively greater opportunity the
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organism has to scan its environment. Increasing changes 
enhance the opportunity; decreases reduce it. The results 
of the present study offer negative evidence for his en- 
vironmental-scanning hypothesis. The preference variable 
was at least as effective as direction of change in con­
tributing to the attenuation of the difference, particularly 
when a decreasing change oriented the change toward the 
preferred luminance value.
A second question arises with regard to the accepta­
bility of Robinson's hypothesis from another standpoint.
One finds in Robinson's study that S, maintained the illumi­
nation condition providing a better opportunity to scan its 
environment no longer than one that frustrated this oppor­
tunity. The logical status of the hypothesis receives 
further negative support from a previously discussed study 
by Crowder and Crowder (1961) in which a 9 second duration 
of the contingency is no more effective than a 1/3 second 
contingency, extent of change remaining constant. The 
logical status of the hypothesis seems incompatible with 
certain empirical data.
It is interesting therefore to look at the results of 
the analyses with reference to duration of response when 
preference is considered an influential underlying factor.
In every condition in which the terminal level of illumina­
tion change was preferable to the initial level the mean
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response duration was significantly higher than a change of 
equal magnitude but terminating in a preference level below 
the initial level. Hypothesis (3) therefore is supported. 
It is clearly evident that the duration of the response is 
associated with the preference value of the terminal stimu­
lus .
When the terminal intensities were equal in their 
preference value the mean response duration was not signifi­
cantly different. In spite of the significant differences 
obtaining for mean response rates between increasing and 
decreasing changes, whether conditions were I-A vs. D-T or 
D-A vs. I-T, the mean response duration did not differ. 
Hypothesis (4), that illumination changes terminating in 
luminance values of equal preference will produce response 
durations of equal magnitude, thus appears to be strongly 
supported.
Between experimental change conditions I-A and D-A, 
duration appears to remain unchanged from trial 1 through 
trial 8. Between change conditions I-T and D-T duration 
appears to increase as an almost monotonic function of 
trials. Holding direction constant (i.e., I-T vs. I-A; D-T 
vs. D-A), duration remains relatively constant for changes 
terminating at the non-preferred level of illumination but 
increases rather steadily for changes terminating in pre­
ferred levels. The differences under the two sets of 
conditions noted are both significant. The duration of
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response data for I-T vs. D-A conditions resulted in a sig­
nificant difference in the mean response durations parallel­
ing the difference in mean response rate at those same 
conditions. However, conditions I-A and D-T resulted in a 
non-significant difference for mean response rates though 
the same conditions produce differences in the response 
duration.
A strong indication emerges from these two kinds of 
data that response frequency is more closely associated with 
direction of change than response duration while the latter 
is closely associated with the preference value of the 
terminal level of the stimulus change. The statement ob­
viously does not solve the problem of response asymmetry 
with respect to frequency as the problem is currently viewed. 
The statement does point out, however, that response symmetry 
may be obtained if another measure of the response is used.
One of the first investigators in the sensory reinforce­
ment area (Kish, 1955a) referred to the "onset" and "offset" 
response in the optic mechanism as contributing to the dif- 
ference in the responsibity to light onset and offset. The 
auditory nerve is also purported to respond differently to 
the onset and offset of tones. The reinforcement values of 
noise onset and offset are apparently similar to those as­
sociated with illumination. More recently, Poshel (1963) 
determined by direct stimulation to the "reward" areas of
52
the brain that onset of central stimulation is superior to 
termination as reinforcement for the lever-pressing response.
Focusing attention on duration as an important dimension 
of the response, it is seen that its optimum is achieved when 
preference value is optimal. The independence of frequency 
and duration in the same set of reinforcing response-light 
contingencies seems to exist. Berlyne's (1960) proposition 
that reward value of a stimulus change depends partly on how 
nearly the stimulation that is introduced by the change ap­
proximates an optimal intermediate intensity gains support 
if reward value can be assumed to be reflected in the length 
of time the organism permits itself to be exposed to its ef­
fects. On the other hand, Leuba's claim that organisms 
acquire those responses which tend to produce an optimal 
level of total stimulation is not as accurate. The organism 
will apparently not respond at a greater rate for a change 
terminating at a preferred level but will tend to maintain 
longer the responses that it does make.
Many difficulties in this study were encountered because 
of the few suitable subjects available to fill a sufficient 
number of groups for a factorial design. A minimum of 4 
groups would have permitted a 2 x 2 design in which orien­
tation and direction could have been analyzed independently 
in addition to any interaction effects which quite clearly 
exist in the data.
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In order to insure enough Ss it might be advisable to 
rear them in differently maintained environments in order 
to accentuate to whatever extent is possible the inherent 
differences in light preference. Lockard (1963) has shown 
that the tendency toward certain intermediate values of 
luminanace can be facilitated to a limited extent by main­
taining Ss under an appropriate maintenance luminance which 
has to be empirically determined.
SUMMARY AND CONCLUSIONS
The learning of a simple lever-pressing response is 
accelerated through the reinforcing power of a light-onset 
contingency to a considerably greater extent than one of 
light offset. Investigators have generally attributed the 
basic reinforcing effect to the stimulus change per se. 
However, the superiority of the reinforcing effect of onset 
has not been adequately explained either in terms of the 
past history of the organism or in terns of some aspect of 
the stimulus consequence of change.
The discovery that the wide discrepancy between the 
effects of onset vs. offset could be attenuated by modifying 
the change conditions to increment vs. decrement offered 
support to an environmental-scanning hypothesis which con­
tends that reinforcement value of illumination change lies 
in the opportunity the stimulus event affords S. to scan its 
environment. The hypothesis is most effective in explain­
ing the typically neutral effect of light offset. Yet, if 
opportunity to scan were the important variable one would 
expect the positive aspect of the change to be reflected 
not only in the frequency of response but also in the dura­
tion of the response. The few data available in the lit­
erature suggest response duration is unaffected by the 
direction of the change. In view of the negative reinforcing
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power of bright light, the scanning hypothesis seems to 
apply only to a relatively narrow range of stimulus changes 
and these changes would seem to be effective in the visual 
modality only.
Recent findings have established that albino rats 
indicate a stable preference for an intermediate range of 
ambient illumination levels. The fact that albino rats 
prefer nonzero levels suggests that light onset may change 
the environment to a more preferred condition and thus be 
reinforcing. Support for such a notion might be provided 
in a situation in which the reinforcing value of decreasing 
changes were superior to increasing changes when the termi­
nal level of the stimulus change were more preferred than 
the initial level.
. The following hypotheses were therefore presented for 
testing. (1) The reinforcing value of a response-contingent 
illumination change is enhanced by terminating the change at 
a level of higher preferred luminance value with respect to 
its initial level. (2) Illumination changes of equal abso­
lute magnitude are equally reinforcing if their terminal 
levels are equally preferred, irrespective of the direction 
of change. (3) The preference value of the terminal level 
of an illumination change will influence positively the 
duration of a preceding response, the higher the preference 
value with respect to initial level the longer the response
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will be maintained. (4) Illumination changes terminating 
in luminance values of equal preference will produce re­
sponse durations of equal magnitude.
Test of the hypotheses were carried out with two 
groups of 6 rats whose assignment was based on their like 
maximal preference for a "low" (.07 ft-c) or a "high" (1.2 
ft-c) level of illumination. Preference was previously 
determined in a situation where free access was permitted 
at all times to 8 chambers differing only in illumination.
The illumination level in the chamber registering the 
greatest amount of time on its cumulative recording clock 
was considered the preferred luminance value for any 
particular J>. These high and low intensities served al­
ternately as initial and terminal intensities in illumination- 
change response-contingencies for an equal number of trials 
for either group. Frequency and response duration recorded 
during these trial periods provided the basic data for 
evaluating the four hypotheses.
The results showed that terminating a response-contingent 
illumination change at a higher luminance preference value 
tends to enhance its reinforcing value, but not significantly 
so. Evidence is only suggestive for the validity of Hy­
pothesis (1). Hypothesis (2) was rejected in that the di­
rection of change continued to exert its usual influence: 
increasing changes remained superior reinforcing response
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contingencies and were not consistently effected by the 
systematic manipulation of the preference value of the 
limiting intensities of the change. Hypotheses (3) and (4) 
were strongly supported by the data. Response duration for 
change terminating at a preferred level of illumination was 
greater than when change terminated at a non-preferred 
level. Furthermore, the direction of change did not in­
fluence the duration of the response as it did the rate of 
its occurrence. Contingencies terminating in luminance 
values of equal preference level resulted in response du­
rations of similar magnitudes.
The suggestion emerges from these two kinds of data 
that frequency and duration of response are independently 
effected by different aspects of the reinforcing situation. 
Response frequency remains associated more closely with 
direction of change while response duration is more closely 
associated with.the preference value of the terminal stimu­
lus. At the present time some evidence in the literature 
suggests a physiological and/or neurological basis for the 
superior reinforcing power of illumination increase.
APPENDICES
Appendix A
A preliminary study: 
function of
Exposure to light as a 
test luminance
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When a rat is permitted to regulate ambient illumina­
tion over relatively long periods of time, Lockard (1961, 
1963) reported there emerges a clear preference function 
for luminance. Instead of a random selection of the various 
intensities provided, Ss show a preference for the inter­
mediate intensities. That is, Ss tend to register less 
time on the recorders associated with the extreme inten­
sities of light.
However, the self—regulation process involved 
response-contingent light changes whose reinforcing po­
tential is now a well-documented phenomenon (Kish, 1955, 
Henderson, and Roberts, 1955). The influence this stimu­
lus change contingency exerted on the "preference" curve is 
largely unknown since it has been demonstrated that changes 
between different levels of illumination (Thompson, 1955), 
differing in direction of change (Robinson, 1959, 1961), 
are differentially rewarding.
With the elimination of the reward effect of light 
change, it is proposed that the systematic tendency toward 
intermediate intensities will attenuate. The hypothesis 
presented is that in a free-choice situation, Ss will dis­
play only change differences in their choice of ambient 
illumination. This experiment is designed to provide a test 
of the statement.
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Studies in the past have provided a switching lever in 
a single chamber in which Ss are confined for specified 
periods of time. In this experiment, Ss will be allowed 
free movement from one invariantly lighted chamber to an­
other. The total time spent in the respective lighted 
chambers will describe the luminance preference curve. On 
the basis of the hypothesis, this function is expected to 
be rectangular.
Method
Subjects. A total of 81 female albino rats approxi­
mately 150 days old were available at the Louisiana State 
University rat colony. These animals had seen prior experi­
mental service in which some had been injected with an 
isotonic salt solution. During their lifetime living con­
ditions varied considerably. They were sometimes kept in 
individual cages and at other times in community cages in 
groups of 2 to 6 rats each. Lighting conditions varied 
from constant illumination to a more normal day-night cycle. 
They were never deprived of food or water. These varying 
conditions existed until approximately 10 days before the 
start of the test.
Apparatus. The apparatus is illustrated in Figure 1-A. 
Essentially, it is a 5" wide octagonally shaped 3/8" wire 
cloth track measuring about 4 ft. across the outside flats.
62
63
The track is supported at its hub and balanced such that 25 
to 40 gms concentrated at one point on the periphery causes 
the track to come to rest on electrical contacts. Depres­
sion of the track actuates one of 8 cumulative time- 
recording clocks corresponding to the section of the track 
depressed. The tilting track is covered with a light-tight 
wood shroud. At the top of each octagonal section is a 40 
w. frosted bulb and a filter of white paper to regulate the 
level of illumination in the chamber below. Each section 
is partitioned and connected by a narrow opening.
In order to actuate one of the recorders, two contacts 
must be engaged. Depressing the track at a partition area 
completes contact at only one point and consequently does 
not actuate a recorder. However, as long as one of the 
sections remains fully depressed, a set of contacts remain 
closed and a corresponding recorder registers the length of 
time of this event. In the same way, when another section 
is depressed, the corresponding recorder operates.
Table 1-A shows the luminance value measured 2" above 
the track and 10" below the light source when filters of 0 
to 16 sheets of white paper were used. Measurement was ac­
complished with a Weston Illumination Meter, Model #756, 
equipped with a Viscor Filter. These measures are plotted 
in log foot-candles and are shown in Figure 2-A.
From the 17 levels of illumination, 8 were chosen
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somewhat arbitrarily from the lower luminance values and 
the corresponding filters were placed under the light bulbs 
in the respective compartments. The levels included .01 
ft-c using 16 sheets, 12 sheets (.07 ft-c), 10 sheets (.15 
ft-c), 8 sheets (.4 ft-c), 6 sheets (1.2 ft-c), 5 sheets 
(2.1 ft-c), 4 sheets (3.7 ft-c), and 3 sheets (6.7 ft-c).
The filters were randomly assigned to compartments so that 
no systematic order existed to influence the choice behavior. 
Temperature was elevated less than 2°F in the lighted com­
partments .
Procedure. For a period of about 10 days prior to 
testing, all subjects were transferred to individual cages 
and their illumination kept fairly stable between .4 and 
1.7 foot-candles of luminance measured at the cage door. A 
constant supply of Purina chow and water was provided.
Each S_ was placed in the apparatus for 15 minutes, be­
ing introduced through the top of a compartment chosen at 
random. The length of time spent in each compartment was 
recorded. After all Ss had completed one trial, the pro­
cedure was repeated and the times recorded for the two 
trials were combined for each subject.
Trials occurred approximately 7 days apart which were 
run at varying times during the day. The resulting 8 mean 
recorded times for the 162 trial runs were computed and these
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were converted to percentage of total recorded time spent 
in each compartment. In addition, the modal preferences of 
all the subjects were combined to give a preference func­
tion.
Results
The composite results of the 162 trials (81 Ss, 2 
trials) are entered in Table 2-A. Mean times were calcu­
lated for each level of illumination noted in column 2 by 
dividing by 162 the total time accumulated on the recorder 
attached to the respective compartments. These means were 
entered in column 3. The maximum possible sum of the 8 
compartment means would be 15 minutes, the total time each 
S. remained in the apparatus. However, the obtained sum of 
12.13 minutes indicates that a mean average time of 1.87 
minutes of each 15-minute trial was not recorded, presumably 
because S. spent part of the trial time between compartments. 
Each compartment mean consequently represents a percentage 
of the grand mean of 12.13 minutes. These percentages were 
calculated and entered in column 4.
The numbers of Ss indicating greatest preference for 
the respective compartments are shown in column 5. An entry 
in this column was determined by summing the 2 trial times 
recorded by S. at each compartment and ranking the compart­
ments in order of preference. The frequency that the 
indicated compartment obtained a rank of 1 is the value
68
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entered. For example, 27 Ss remained in compartment 8 longer 
than any of the other 7; on the other hand, compartment 1 
never ranked first. These frequencies were converted to per­
centages of N and entered in column 6. The values in columns 
4 and 6 are plotted in Figure 3-A.
Inspection of the graphs in Figure 3-A reveals a tend­
ency for Ss to remain in the dimmest compartments for longer 
periods of time. If no such tendency existed, one would 
expect each compartment to have equal amounts of recorded 
time in which case the expected mean would be 1.52 minutes, 
or 12.50% of 12.13 minutes. However, the compartment with 
highest illumination recorded a mean of .67 minutes, which 
is 5.54% of the total, and the percentage systematically 
increased to 19.77% for the compartment having the lowest 
level of illumination. The difference between the expected 
rectangular function and the obtained curve is significant 
at p ^  .02 (chi square = 18.34, d/f = 7).
The percentages of N indicating highest preference value 
for the respective compartments, also shown in the graph, 
generally appear to describe an inverse function between 
preference value and illumination level. Again, if no dif­
ferential preferences were indicated, the percentage of S_s 
showing a preference for the respective compartments would 
be 12.50%. The observation is supported by the highly sig­
nificant difference between the expected rectangular
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distribution and that which is recorded (chi square = 70.18, 
d/f = 7, p< .001).
Discussion
The findings in this study are in good agreement with 
those of Lockard (1963) who suggests that some kind of 
orderly interaction between S_ and lighting conditions is 
being measured in studies of preference. The overall find­
ing that total time spent in each compartment is an inverse 
function of test luminance replicates former findings (Han­
son, 1951; Lockard, 1962) when maintenance conditions are 
largely unknown.
It seems important that while the modal preference is 
shown for the dimmest level of illumination, the majority 
of Ss preferred levels of illumination that are higher than 
zero. Thus, one may be tempted' to speculate about the dif­
ference in reinforcing value of changes in illumination 
which involve differentially preferred conditions of lumi­
nance. For example, if a change involves an initial level 
of illumination which is more preferred than the terminal 
level, it may be expected that reinforcement value would be 
less than the opposite condition of change.
Summary and Conclusions
Eight octagonally-arranged, differentially-illuminated 
compartments were used to determine the preference function 
for luminance. Light changes, contingent upon some discrete
72
activity, were precluded by the arrangement. Eighty-one 
albino rats were placed in the apparatus for two 15-minute 
trials during which time they had free access to all 8 
compartments. The time spent in each compartment and the 
number of animals showing highest preference for each com­
partment show there is a systematic decrease in preference 
for light as intensity increases. However, the majority of 
Ss preferred a level of illumination above the lowest one 
provided.
Appendix B
The stability of preference for 
specific luminance values
73
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APPENDIX B
Of the 23 animals indicating a preference for .07 ft-c 
luminance (see Table 2-A, column 5, Appendix A), 6 were ran­
domly chosen and designated Group L (low preference level).
A second group was made up of 6 animals chosen from among 
the 25 animals which indicated highest preference for either 
.15 or .40.ft-c. These were designated Group M but had no 
part in the presently reported study. However, the relia­
bility of the preference will be reported in this section 
because 6 other animals drawn from the same group form a 
control Group M (medium preference level) . Group H wg.s made 
up from the 5 animals preferring 1.2 ft-c and the 1 animal 
preferring 3.7 ft-c luminance.
Two compartments of the apparatus described in Figure 
1-A, Appendix A were illuminated at .07 ft-c (level L).
Two others were set at 1.2 ft-c (level H). Two more were 
set at .25 ft-c (level M). The remaining 2 compartments 
were made relatively dark at .015 ft-c (level X). These 
levels of illumination were arranged in the octagonal choice 
instrument in the following order: L, H, M, X, H, L, X, M.
To determine the stability of the preferences reported 
in Appendix A, the 18 Ss were placed in the apparatus, 
starting at randomly chosen compartments, for 4 trials of 
15 minutes each. All Ss completed the first trial before
75
the second began. Trials 3 and 4 were run in the same way.
Eight measures were recorded for each S. on every trial. 
However, there were only 4 different levels of illumination. 
Times recorded on identically lighted compartments were com-, 
bined. Accordingly, the means of 48 measures are entered in 
Table 1-B and plotted in Figure 1-B.
It may be observed in the bar graph that the largest 
mean for each of the groups was obtained for the same lumi­
nance value that each group originally preferred.
The analyses of the preference data are summarized in 
Table 2-B. From these analyses it is seen that the mean 
preference value of Group L for level L is not significantly 
different from the mean value of Group H at level H (j: =
.395, d/f = 10, £  = .7). The preference value of Group L 
for its originally preferred luminance level L is therefore 
similar to the preference value Group H indicates for level 
H. Likewise, the non-preferred levels for the respective 
groups are similar in their preference value for the re­
spective groups (t_ = 1.149, d/f = 10, jo = .25). There are 
significant differences between the preferred and non­
preferred luminance values within each group (Group L, ;t = 
12.54, d/f = 5, jd^.001; Group H, t, = 3.37, d/f = 5, p< .02) .
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Appendix C
Recorded frequency and duration data 
for test trials only
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